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NONLINEAR HEAT TRANSFER

William E. Mason, Jr.
Methods Development Group

This report consists of a reproduction of the visuals used during the videotaping
of the LLL Continuing Education Course CE-3151-6. The course was taped during
January and February 1980 and consisted of six sessions which discussed the TACO
and TACO3D nonlinear, finite element heat transfer codes and POSTACO, a
companion graphics post-processor.

The following table lists the subjects of each session and lists the corresponding

page numbers to aid those viewing the videotapes.

Session Topic(s) Pages
1. Finite Element Heat Transfer 1-8
2. Finite Element Heat Transfer (Cont.) 9-19
3. TACO Features 20-30
4, Additional TACO Features and 31-36
Steady-State Examples
5. Transient Example and POSTACO 37-48

Features and Examples
6. TACO3D Features 49-61
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FIMITE ELEMENT METHOO

VARIATIONAL FORMULATIONS
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THE CLASSICAL APrZollH
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SoLU77ontS FeoMm THE
VARATIONAL FarULaTion,
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FINITE ELEMENT FROCEDLEE
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ELEMENT EQUATION'S

AUST BE COMENELD
INTO SYS57EA1T EQRUATIONS,

o _ 2r’ orm
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BOUNCARY CoMorTTION S &

SO AR BOUNKEY
CoNOITIONS HAVE A7
BEEN] APPLIED.

ASSUME , OB EXAMPLE, THAT
7=7, AT X=0 AAD kg-;'+7,_=a AT x=L
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AIEIGHTED RESIOUAL METHOD

WEAR T FoRMULATION
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COMBINING ELEMENT
EQUATIONS T0 FORM

SYSTEM EQUATIONS
&S/VES
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COMBINING EQUATIONS
GIVES
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STABILITY CONSIOERATIONS
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TWO-OIMEANSIONAL CASE

P =l ) 53

+Q m K
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GILINEAR QUADRILATERAL ELEMENT
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TACO FEATURES

TALO 15 AN /MPLICIT,
NONLINEAE, TRANSIENT,
EINITE ELEMENT COOE

KEF ¢ W E.MASon/
TACO-A FINITE ELEMENT

HEAT TEANSFER COPE
gero-17980

SOATIAL DISCRETIZATION.

oL ELEMENT
4-NOPE 150PARAMETEIC

QUALEILATEEAL

Ay Ny i"'{?';/d‘l-
A 1 A i~ Ny
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MESH GENERATION

7400 HAS ONLY LiMTEC
MESH GENELAT/ON
CARPABILITY. FOZ
COMPLICATED AMESHES
SELHLATE MESH

CENERATION COPES
AMUST BE USED,

FEFEEENCES ©

1. M.I-BRGEEZ
Z0MNE -4 FINITE ELEMENT
MESH GENEEATOL
zero-17/39 (v976)

2. M.A.GERHAED
SLIC.: AN INTEEALTIVE , GEAPHIC

MESH GENEEATOL RAC aNITE-ELEMBNT
AND FIMITE -PIFECENCE AP ICATION

OGNS
UCRL-52823 (1979)
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BANDWIDTH AP
OFILE MINIMIZAT/ION

3 7 5 o
z 5dp 3 ¢
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CONSTANT

USEE SUBFROGEAM

4 BNTEY ROINTS
USYB 2 INITIALIZE
UsUBZ ¢ CALLULATE
sUBS . &NT

T5U8¢ : PLOT
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CUBVE NUMEER (NE.)

NC=0 => CONSTANT
AC>0 > TME DEF
ANCL O > TEMF JEFR

|ML|>999 = USER SUB.

MATEQIAL PROFEETIES

T0TROPIC.: o, G, K

QETHOTROFIC. L0, Cp,
'é/ ) kz ) 10




HEAT GENEEATION
LATES

CAN GE DERNED &7:
® MATERIAL
® ELEMENT

/NITIAL TEMPERATORES

CAN &E ﬁ@#/A/ED .
o FOK ENTIEE 600Y
e BY ANODPES
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BOUNCAEY CoNDITIONS

o TEMPERATURE :
SFELIFIED BY NOPES

® FLUX

C 7Rl o
z.{?i
® FOCCED

covEeTion : 9=h@T-7¢)]

e GENERAL MNONLINEAR
o=frd[TET8]°

EXAMPLE :
ZAo/A4770n]

g=re[TE7*]

-26_



TINTEENAL SUEFRACE
CONOCI T/ION S

Ng -~ /
B
M
\ N
) i/l

EXAMPLE . CONTACT FESISTANCE
7=h[T-75]

BULK NOPES

0=#52 5"
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ENCLOSUPE RADIATION

INCOMING FLUX: H
AN
H=ZF B

J=t =y J
OUTGoING FLUX: B
G -(1- é,')}[l: = 6;0‘7,-4
NET FLUX: q

7, =6 "E
USE CHANGE
5 A
7 7



CHEAMICAL KINETIES
E)64MPLE

n=1/0'77n ;t

oC,
ot

-&, /T

-—C’ Z

HANDLED IN TACO 8Y
USEE SUBAEOGEAN

7IME STEP CoNTEOL

o CONSTANT
© DECERISE CONSTANT
* VAR/IABLE
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AONLINEAR_PROBLEMS

ROBLEM 15 NONLINEAE
ZF’
& =K(T)
e plp=/p(7)
& Q=Q(7T)

o @ AOT LINEAR
FUNCTION = T



MONLINEAE ANALYS/S

* o
K 06- fa(bt) AI =F (Zf-*ddt )

7ACO SOLUTION SCHEME
INVOLVES A MODIFIED
ICELT ITEEATION METHE,
STEPS INCLUDE

2. K* upoare (erormanon)
2. F* umare (rreeariont)

THEEMAL S7ESS
ANALYSIS

MECHANICAL COPES SULH
AS MIKEZ20 (UCRL-52 678)

CAN BEAQC TEAMPECATUEE S
FCOM EINALY PLOT ALES

rocULEp 8y TACo 70

CALLLLATE THECAMAL
S7EESS STATES.
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| INITS

MUYST BE LonNs/sTENT !
EXAMPLE .
QUANTITY  UNITS | QUANTTY  dwiTS
7 °C C’P \'r/kg °¢
x,y m & A/m-°C
£ S Q A/ m?
P Lm* | 9 wy/m*
AVAILABILITY

ON Ll OCIOAYS SYs7EM
OBTAN W1ITH

o CA 700
EXE GLGLIB TALO B. /€ v

on CEAY
L18 MOGLIBLX TALOIEND [¢ v
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EXECUTION

TACO I=indile, 0= prinflile., P=plothite JEtr

FLE NAMES ARE ORAEE INDEPENDENT.
OROPOUTS ARE PEEMITTED, £6.

TALO P=phtfile / €7

OEFAULT NAMES: Z= TACOIN
Q= TPREINT

P =7ALOT

EXAMPLE A.

.

e O Ny N e et

Q

v K
7=7, | —»x 7=7

< —>te— L —>




TNPUT DATA FE EXAMPLE A.

1 8 TITLE CARD

2 TACO ENAMPLE A.

3 8 CONTROL CARD 1

4 6 2 1 2
5 S8CONTROL CARD 2
2 1.0

6 1
; 8 CONTHOL CARD 3
0

] 2 ] L L) ] e ] e o

9 8 CONTHOL CARD 4 (NOT REQUIRED)

10 8 CONTﬂDL CARD &

11
12 8 CONTEOL CARD 6

13
14 8 RODAL POINT DAT

A

13 1 e.0
16 8 1.0
17 2 0.0
18 1.0
19 8 ELEHLNT DATA

20 1 3 4
21 8 HATERIAL DATA

22 PSEUDO 1 1
23 1.0

0.0 0.0
6.0 0.0
0.3 0.0
0.8 0.0
2 1 1 2
1.0 L 1.0 e 0.0

24 8 HEAT GENERATION DATA

28

27 1 3.0
28 8 END DATA
29 STOP

2.0
26 8 TEHPEBATURE BOUNDARY CONDITIOI DATA

1 1

SOLUTION -EXAMPLE A,

7=% =300
Z=75 =375

= 7 = 4.00

EXALCT SOLUTION .

769= T+ ellx-$x°)

GIVES SAME VALUES AS ABOVE.
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EXAMAE ND_L

a7l
&';'( 1‘Q =0

k=4+87

£ MESH |
Emwze A.

&

&5 -0(7'47'*) at x=0

At x=L

TAPUT DATA_FOB EXAMPLE NO. 1

TACO EXAMPLE RO. 1
8 CONTROL CARDS
8 CARD 1
2 1 o ]

1.0

6
& CARD 2
1
& CARD 3
0
8 CARD 4 (NOT REQUIRED)
& CARD 5
1
8 CARD 6

0
8 NODAL POINT DATA
1

2 ® e 1 L L) ] e 1 L

0.0 8.0 0.0
5 1.0 0.0 e.0
2 0.0 0.3 0.0
1.0 0.3 0.0
8 ELEHENT DATA
3 4 2 1 1 2
8 HATERIAL DATA
PSEUDO 1 1 1.0 0 1.0 L J 0.2
8 TEMPERATURE BOUNDARY CORDITIONS
5 .9 1 1
8 NONL]NEAB BOUNDARY CONDITIONS
2 1 0.0025 ® 4.0 4.0 4.0

& PIECEWISE LINKEAR CURVE DATA

K-CURVE 1
0.0
5.0

1. 0
0.0
STOP

O<xel

C=0.0025

1.



SOLYTION - EXAMALE ND. L

ITERATION TEMPERATURE

NUMBER x=00 - x=05
0 0.0 0.0
1 1.500 1.275
2 1.853 1.445
3 1.955 1.484
4 1.986 1.495
5 1.996 1.499
6 1.999 1.500
7 2.000 1.500

EXACT SOLUTION; 7T =Z-X



EXAMPLE NO. 2

o _ 2/, T
FcP;f ka ) O¢x< Ll

7(0¢€)=7,
-4 3Z04)=h[T.0)-7]

7x0)=7,

p=Cp=k=L=T;=1 T,=0 h=06

MESH FOR EXAMMPLE 2
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INPUT DATA FOE _EXAMPLE NP2

TACO EXAMPLE NO. 2
8 CONTROL CARD NO. 1
12 H] 1 o 0 2 ¢ 1 ® o o L ® e ]

a'comox. CARD NO. 2
2 1.0
Py comox. cm NO. 8
° 1 °.0 1.0 0.5
8 CONTROL CATD RO, 4
0.1 i.0
y cos-mo:. CARD NO. 5
8 CONTROL CARD NO. 6
e
8 NODAL DATA
1 0.0 0.0 0.0
1 1.0 0.0 0.0
2 0.0 0.2 0.0
12 1.0 0.2 0.0
8 ELEMENT DATA
1 1 83 4 2 1 2
8 MATERIAL DATA
PSEUDO 1ot 1.0 © 1.6 o 0.0
4 1.
8 TEMPERATURE BOUNDARY connmons
) 1.6 1
8 CONVECTION BOUNDARY coum'nons
1 12 P 0.6 s ®.0 0.0
STOP
1.00 . . . — -~ _
0.95
0.90
o 0.85
[ 4
=2
-
S o0.80
g
0.75
0.70
0.65




TEMPERATURE

TEMPERATURE

0.75

0.70

0.65

0.60

0
1

1.00

0.95

0.90

- 0.85

0.80

0.75

0.70

0.60

7() AT =01 (At=0.1)

— EXACT
e a=0.5
e a=1.0

0.8}
0.9+
1

0.2}
0.3
0.4
0.5
0.6}
0.7

7&) AT x=1 (4¢=0.05)

+~

— EXACT
e a=0.5
s a=1.0

0.8}
0.9¢
1

- ~ L4 - w ~
-] o o o o (-] o



AOSTACO

A COMAANIION GRARICS
AST-FEDCESSOR FOL
TALO .

LEE 2 H-E. MASON
POSTACO - A POST-AROLESSOK
£E SCALAE TWo-DIMENSIONAL
FINITE ELEMENT COES

Uewo-17972

ASTACO FEATURES

1 MATERIAL OUTLINES
Z. MESHES

3, I50THELIS

4. PPOFILE ALOTS

5. NOAL TIME HIstaEY
AOTS & FRINTOUTS

~40-



AVAILABILITY

ON LLL o0LToPUS

SYs7eEM CPCT600

COMPLITELS .
OB8TAN WITH

EXE GLGLIB POSTALO OR.[€ I

EXECUTION

POSTACO I=infile,Peplothile U=uxtile.,
Box=(ann id) [/ € v

ENTRIES ARE OQVER INVEPENVENT.
JRODUTS ARE PERMITTED.

CEAULT NAMES: T=FPosTiN
~ P=TALOT

u=u
-4/-



GEAPHICAL OUTARUT

1. 7TMP5 VIEWING (DXTV § UXEOIT)
2. VERSATEC (UXET § UXTV)

3.- WIOE VEZSATEC (UXET)

4. HAROCOPY (UXFR)

5. FILM - 35mMM ¢ lemm  (UXFR)

6. MICROFICHE (TXFE)

7 MIPS (UXFR+FETV)

LEFERENCES

I M BLAR, ﬂ/E UXPPBO alARH/ICS
$Y57EM UCID- 30146

2. M.6LAIR, "UnLITY ROUTINE UXFR/
AEL IMINAEY USERS GUIoE "

3. M. GLAIE, “UXEDIT-A UTILITY
zoarwﬁ me EPITING UXOP80
PICTURES “

-42-



L] ¥ L] T T Y
.I‘ -
9.0
".0 |
14.00 |
2.00 }
0.0 |
8.0 |
s.00
4.0
2.00 |
[ B o
1 1 1. 1 1 1 3 1 ) i
. 8 %3 8% 3 8 3 3 3 8 3
e % v = & e ¢ 3 ¢ $ 3
EXAMPLE FOR POSTACO
MATERIAL NUMBERS
Al M A )\ T T T T T T )
2.00 | : : ‘
.8 2 8 8.8 & [ ] IR : '
e ok - RIRNG ,
19.00 ; .
] E '
t e 2 2
16.00 | e .
(. s s
[} cv [
14.00 | .
[ ' [
12.00 :
N LR
o [
10.00 |
[
[
8.00 |-
'
8.00 cdnd
[
SRR
4.00 |
vivinie
vivir il vl
2.00
v vl iy iy
° o T
' r i I £
., & & 8 g
e - - - g

EXAMPLE FOR POSTACO
MATERIAL OUTLINE

T L T ¥




| | e

Nl M| Nel Me
L IR IR I )

! ml

W nlw Bl wiwl w 7 % 9w e

e 17| ven] 10 U] ]| W] D] W WB] | W | W] W

Wl wn e W wn| W) s el | | M) | el ™
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EXAMPLE FOR POSTACO

ELEMENT NUMBERS

180 |
16.00
14.90
12.00
19.00
.00
s.00
4.00
2.00

00°91

[ 4)

7
.
n

r

EXAMPLE FOR POSTACO
NODE NUMBERS

18.00
16.00
14.00
12.00
10.00 |
8.00
.00
4.00
2.00

00°84

00°84

[ 4]

(3¢ 1)

00°04



TEMPERATURE (DEG. C)

140

120

100

80

60

40

20

EXAMPLE FOR POSTACO
1SOPLOT AT TIME 1.0000E401

»
P

4.0

4.00

B TR

2.00
4.00
6.00
.00
10.00
12.00

EXAMPLE FOR POSTACO

14.00

UDNQULO‘N-‘g

-

lllll'llllllllllllg

- PN EWNMUD
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TEMPERATURE (DEG. C)

4

EXAMPLE FOR POSTACO

140

120 #* A—
100
80
60
40
20
0
~ m ¢ D O ~NOO TN m % N CeNDO
(=] - o~
o
2 ° o
TIME (SEC)
NODES: 106:A 1:8
OISO SOEPOOSIOEPSCRAPINOOTIRNOEEOREGNDDOONOEERPONOOS [IXIIT1]] L] asssROSS
EXAMPLE FOR POSTACO 18:52:37U 10/21/78 TACO:V1. C:09/19/78
2000 L] L] . L L LTI Y)
NODE  106. TIME NISTORY FOR TEMPERATURE (DEG. C)
TIME VALUE THaE VALUE TIME VALUE TIME VALUE
°. 2.0000£401 §.0000[+00 1.2000(402 1,2000€401 1.20000+02 1.8000E<01 1.2000£402

1.0000£400 4.0000£+01 7.0000£+400 1.2000E+402 1.3000E+01 1.2000£402 1.9000E+01 1.2000€+02
2.0000£400 6.0000E+01 §.0000E400 1.2000€+02 1.4000£4+01 1.2000€402 2.0000L+01 1.2000£+402
3.0000£400 §.0000E+01 9.0000€+00 1.2000€+402 1.3000E+01 1.2000£+02
4.0000£400 1.0000E+02 1.0000£40t 1.2000£402 1.8000£+401 1.2000[+02
5.0000E400 1.2000€402 1.1000£401 1.20006402 1.7000E401 1.2000£+02

P0S0EE0PNEEITRENTUNINNNNOLOCII00N0ONR0ONCISONERITNIUOIEIUERIY see s0000s80000s

EXAMPLE FOR POSTACO 18:52:37V 10/21/78 TACO: V1. C:00/19/78
. seen

60000002080 0000000080000

MOOE 1. VIME HISTORY FOR TEMPERATURE (DEG. C)

TIME VALUE Tiue VALUE TIME | VALVE TIE VALUE
0. 2.0000E+01 §.0000E+00 7.6835E+01 1.2000E4+01 1.0857€402 1.B0O0E+01 1.10978+02
1.0000E400 2.1040£401 7.0000E+00 8.7817€+01 1.30000+01 1.0782E+402 1.9000E401 1.1130€+02
2.0000£+00 2.9041E+01 §.0000E+00 9.4731E+401 1.4000€401 1.0877£402 2.0000E+01 1.1158£+02
3.0000E+00 3.5724E+01 9.0000€400 9.9313£401. 1,.3000€+01 1.0052E+02
4.00000+00 4.8228E+01 1.0000£401 1.0283£402 1.8000£40% 1.1010£402
5.0000£400 §.2206€+01 1.1000L+40Y 1.0487E402 1.7000E+01 1.1059E+02

(I11] soen 000000000 ENI00IR0NOEN0EIEOE0R0L000RL00R00RERES
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TEMPERATURE (DEG. C)

EXAMPLE FOR POSTACO
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TIME (SEC)
DIFFERENCE BETWEEN NODE 106 AND NODE 1
EXAMPLE FOR POSTACO
PROFILE PLOT GEOMETRY
T T 1 ¥ T ¥ T T T T T
2.00 | 5
19.00 | i
16.00 | 4
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12.00 | _
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EXAMPLE FOR POSTACO
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7ACO3D FEATURES

TALOBD 15 A THREE -
OIMENSIONAL, NONLINEAR,
TEANSIENT, FINITE
ELEMENT CODE.

LEE: P E.MASON
THCO3D - A THEEE- OMENSIONAL

FINITE ELEMENT HEAT
7RANSFEL COOE
Jezro-

SATIAL gs_ggg_r/zxmg/\/

—p y

8-NOGE ELEMENT
-49-



| Ng .
7
| . A'
Nu__
o \Na
- Ng=Ng=N,=Ng Ng=N7
| Y
2
ot N
N1 N2=N3

MESH GENERATION

THLO3D HAS LIMITED
AMESH GENELATIN
CAPABILITY.

REF 2 M.A.GEPHARD
5278 AN INTERACTIVE, GEAPHIC
MESH GENECATOR FOL FINITE-
ELEMENT AN LINITE -DIFFELENCE
APLICATION FPOGEAMS

UerL-52823 (1979)
-50 -



BANOCWIOTH ANO
AREILE M EATION

Alo3p USES GPS
ALSOR/TH .

CEFS N.CIBES, I AVOLE, £ P STOLIPMEYER
AN ALGoerTim RIC REPULING
THE BANOWIPOTH AN FEOFLE
OF 4 SPARSE MATRIX
SZAA T- NUM. ANAL. ., Vol./3, . 2

FYNCTIONAL
PEARESENTATION

AECENISE LINEAR
A7)

oL

fE) | _ A

-5/_




CONSTANT

USEE 54/5?20654/\4

I ENTEY ADINTS ©
USYB : INITIALIZE
UsUBZ ¢ CALLULATE
UsUB3 « AT

TSUBE : PLOT

-52-



CUBVE NUMEER (NC)

ANC=0 => CONSTANT
ANC >0 =>TIME DEF
ANCL O &> TEMFP JEFR

|NL|>999 = USER SUB.

AMATERAL ARFERTIES

ZSoTROPIL: f, Cpr K

QCTHOTROP/L .
/0, o) kxl éy: kz

-53-



HEAT GENEEATION
LATES

CAN GE OERNED &7
® MATERIAL
® ELEMENT

INITIAL TEMPERATOELES

CAN BE JEFINED ¢
o LU ENTIEE B0ODY
e BY AODES



BOUNDARY COMOITIONS

® TEMPERATUEE :
SOEC/IFIED Y ANODE

FLUX: poes

O FORCED CONVECT/ON :
g= h)[T- 6]

CGENECAL AONLINEAR :
g=H(7¢) [T*7’¢] °

..55_



INTERNAL SUBFACE
CONDITIONS

Y et

5 . :f:g \ ~ .
L\

BULK NODES

=i -5 ] °



ENCLOSLIRE BADATION

ANOT AVAILABLE W
THALOZP AT ABESENT.

AUSE CHANGE

PG A




CHEMICAL KINETICS
EXAMALE !

N C,
Q=2 fofn ¢

n=41

oCh _ _ I Z e-é;,/zr
52 - %
HANOLED N TACO3D BY

USER SUBPROGIAM.

7IME STERP CoNTEOL
® CONSTANT

® AECERISE CONSTANT

*VARABLE

-58-



AJONLINEAR PROBLEMS

ROBLEM 15 NOWLINEAR
ZF !
Kk =K(T)
ae  plp=lp(7)
o Q= Q(7T)

o ? AOT LINEAR
AFUNCTIONS O T

NONLINEAE_ANALYS1S

% *
K C’&m) A-’é- =F 02* "ot )

TACO0 SOLUTION SCHEME

INVOLVES A MOOIFIED
IRELT ITELATION METHL.
STEPS INCLUDE !

1. K* upoate (EerormAnION)
2. F* urare (rrecarrion)

-59-



THERMAL STEESS
ANALYS/IS

MELHANICAL COUES
(€&, NIKESp) CAN READ
TEMPERATURES FRoM
BINAEY AOT FILES
PROVULED BY TACOSD
70 CALCOLATE THEEMYL
STRESSES.

y/ugxz/rr

ON UL OCTOPUS SYSTEM

70 OBTAN

oN COL 7600
EXE GLGLIB TALOZO RR.[¢ T

ON CEAY
L8 mosLIBlx TACO3D B [ T

~60-



EXECUTION

7ACOZD I-=infile ,0=printhie, P=otile /€ 7

FILE NAMES AZE ORPEE INPEFENDENT.
ROPOUTS ALE FPERMITTED.

OERULT NAMES' I =TALOIN
0 = 7TPEINT
P=7A0T

ADST-AROCESVNG

*PSTACO (PME Hrsroker)
*GEAPE (SPUTIAL )

LEES

1. A EMASON " AOSTALO- 4 AST-A0ZE550E FOK
SCHLAL, THIO -LDINIENSIORIA L ANITE
ELEMENT COPES,” 110 -L7972.

2. B.E.BLOWN, " QrspLAYING THE PESULTS oF
THEEE - OIMIENSIONAL ANALYS 1S USING GRAFE,
AT WE-VECTOK GArHes,” TCID-18007.
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